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The Effect _of GB on the rat's blood pressure
by

2, Lirnhuber and H, Cullumbine

Introcaciion

T, sccent species studied (c.q. rabbit, cat, monkey, dog) the cffcch
of a u sicrdce inboxication with GB is the production of a profound fall
in bl:<d yressure, ilson hoe enalysed the mechanisrs responsible for
this hy.-stensive action, '

We have rcecently noticed that GB, when given intraveonously in ncar
letha'. dvses (40 = 60 wo/m.) %o intact rats, produces a sharp risc in
blood .rasswee, then one or &wo oscillabions about the point of inercescd
pressure, Tollowed by o very gradual fall in pressurc over the next
several rinutes §10 - 180 mimtes in differont aninals) back to the pre=
indention level (Figure 1). The course of thic sustained rise in blood
» pressure produced by GB hos bren imvesbigated.

[

ietheds

ihite rots of homogenous struin and weighing 350 - 500 i, werc uscd.
ihoy wer: oncesthetised with swrethune (1.257. /g, subcutancously) and
polythene caruleae inserted in%o the corotid artery, to recond blood
proscure, cad into the fenoral vein,

With she doscs of GE used respiratory cemborassment or foilure moy
vt - ray inberfere with the bleood pressure recording or responscs
Therefo.e, in niny eascs, cven respiratory exchange wos mainkained through-
cub by iecas of 2 tindothure strrting "Idezd" puop. Tho sase pattern of
sordim wpowdix risnonns ans, aovever, bien soon in rats vhich were not
sustiinad by crtificial ventilation,

SpiacL prepurations werce mude by transecting the spinnl cord between
C1 wx 2 ond pithing the broin,

The hyperbesive effect of GB is best seen following a fairly

s (W0 = B0 prfke.) bub in s8ill evident with snaller doses,  The :
af rapidly repeuted unnll doses can be sumated wp to o cortain

2 Bhen the peneral bleod pressure level ialls although cach
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successive GB dose produces a transient, amall rise (Figurd 2)e With }
higher doses of GB (e.g. 90 jg/kg) the animal dies before the sustained
rise in blood pressure has become established (Figure 3).

Bilateral vagotomy does not affect the picture (Figure 4), but if
GB is given to a spinal rat only a relatively slow, small and short
lasting increase in blood pressure is caused (Figure 5).

The failure of GB to produce o sustained elevation of blood pressure '
in this case is nct dus to the low blood pressurs presented by a spinal ;
rat, Thus, if the blood pressure is lowered by bleeding (Figure 6) or by Cg i
(Plguré 10), B still proiuccs o %ypieal ypertiisive bloud pressur. rosponsc,

This suggests that GB is stimulating n central mechanism and this
stimulation is probably a cholinergio phenomenon sinco in the previously
atropinized cat (intact or spinal) GB produces agsin only a slew and
minor risc in blood pressurc (Figurc 7). Similarly, if successive dosos
of atropinc arc administored after the GB, a stop~like dopression of
the elevatod blood pressure is produced (Figuro 8).

If hoxamethoniura bromide (0g) is given to a rat during the phasc
of sustained blood pressure rise following (B, the blood pressuroc is
immediately and temporarily reduced (Figurce 95. Pro=trecatment with Gg
before administering thc GB does not provent the usual blood pressurce
reaprnse to the latter (Figurc 10).

The central stirmlant action of GB is cffocted, thorcfore, via '
the sympathetic nervous system, Tho liboration of adrenaline from the
adronal glands would not scom to be important since GB still causcs an
increascd blood pressurc in adrenaleoctomized rats (Figurc 11) and this
can be inhibited by Cg.

A sympathetic puripheral vascular mechanicm is protably involved
since periphoral blockad: of sympathetic impulses with v.gotasine or
Priscol does alter t.. rusponsc to @D, I uither of the-e substances is
adninistered before GB, tho lattcer produces only o prolinmin sharp
rise, but no sustaincd clevation of blood prossure (Flgure 12). IF GB
is given first and then Priscol during the perdod of raiscd blood pressurc,
the latter is at cnee temporarily reduced (Figure 17), .

The sustainod rise in blood pressurc induced by GB is probably due
nmainly to gonstriction of the skin arteriocles; in the s-inned rat, GB
causes only an imicdiate and tonporary rise in pressurc, but no eontinued
elevation is seen (Figurc 14), In conformity with this is the obscrvation
that GB produces 2 maintaincd prossurce rise vhon administered to an
cvisoerated rat (Figurce 15), This risc is not as long lasting as that
occurring in the intact rat, so that some involvoment of the arterioles
of the splanchnic n~rca may b3 prosent, .

That o direet action on a contral ncchanisn is involved iz also
suggested by the obsorvation that a small dosc (5 ug) of GB, injocted .
into the fourth vemtricle, couses a similar sustained risc in blood
pressure (Figure 16)s An injoction of ~ecetyl choline into the samo site
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produces a T4ll in blood pressure (Figuwre 17)s The dissimilarity in
the aotions of acetyl choline and GB may be due to & failure of the
former to penetrate into the brain substance, although somu leakage
into the systomic eirculation oocurs, The dircct central action of the
GB can still be prevented by systemic stropinization (Figure 18).

The hypertonsive action of GB in the rat is not peouliar to that
corpound, but is shored by other anti-cholinesterases, e,s DFP (Flguro
19)s escrinc, TEPP, E.600, and probubly many others. Atropine and 0g
2153.11 affect the responsc to these ogents in the manner desoribed for

_Another indication of the enhanced sympathetic tone in those rats
is thaet the hoart rate (measured via the E.C.G.) i3 inoreased during
the period of hypertension c.g. in a typical instance:

Heart rate before GB (40 ng/kg, ) = 270/minute
Heart rato during phasc of rising blood pressure - 390/minute
Heart ratc at peak of blood pressurc rise = 450/minute

In othor specics whers a fall »f blood pressurc is produced by GB,
this is accorpanied by a slowing of the heart rato (Wilson (1))

Discussion:= PFrom the above reslts we can conclude that ¢B, when ]

ven intravenously to the rat, produces a rise in blood pressurc vhich Y
is due to a central action, possibly via the vasomator centre, The effect 4
is not soon in the spinal rat, n following atropine, The lattor cbsorve d
ation suggests that the zeticn is probably a cholinergie phcnomenon ;
involving the centre,

The central stiulation premunbly acts via the sympatiaetic nervous :
syston and this sympathetic "drive" can bo blocked st the ganglia by ‘
hoxanethoniun bromide and also move peripherally by ergotanine o Priscol, 4
It would appear that the vosscls f the rat's skin are thoso chiefly |
concorned in this syrpatihctic action,

Other anticholinesterases can producc a similaxr hypertension in the i
rat, so that the phonomencn presunably has the inhibition of cholincsterase ‘
as its basis, The rise ih blood presswre is, further, not peculiar to tho 1
intravenous route of adnministration since it has also been scen efter the 4
intraventricular or tho intractrotid injeetion of GB. :

In other species (B, whon adiministercd intravenously in near=lcthal
doses, oausos a profound lovoring of the blood pressures Tho latter ds
accorponied by a marked sloving of the heart and vasodilatation of the small
vosscls in the limb ruscles (Wilson, (1) ; Holmes (2) )s If, howover,

. GB in small doses is injected into the vertebeal artory or the olsterma
magne. of a dog, 2 rise in blood pressure is the invariable response
(Wilson, (3) ?. Therefore a hypertensive response via a central mocshanism cun
be scen in another specics them the rat, In the dog, following intravenous i
adrdnistration, it nust be presumcd that the peripheral effects 2 GB on q
the cardiovascular system predominate cver the ocontral stimulating iction, i
although o transient rise of B,P. 1s often observed before the found
fall tekes ploces This applies equally to the sheep (¥ilson (ISS?
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These varying reosponses in the different specles suggest that
thore moy be corresponding differences in the nature and the sensitive
ity of tho rccopuor cubstances and the cholinesterases of the kissucs
of these spocies, "This is being further investigateds

Surmary

GB, DFP, oserin:, TEFP and E,600 all produce hypertension when
adiministered to rats in near-lethal doses. The mechanism of pro-
duction of this hype:+cnsion has been studied, It is, apparontly,

due to a central meciinisin aoting via the sympathetic nervous systuon
on the blaod vessels -f tho skin,

(Sgd) H. Cullumbinc,
Head, Physiology Section,

(Sgde ) EeA. Perron,
Supcrintendent, Rescarch Division,
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RG1. YPERTENSlVE EFFECT OFCB. F1G.3. HIGHER DOSEOF CB.,
Rat 420g.Urethane, i

. Urethone . -

Rat 370g. U 90 ug GB/kg intravenously at
Spontaneous respiration arrow |. Interrupted artificial

at arrow 40y GB/kg mtrave nously. ventilation after arrow 2,

FIG. 2.REFEATED SMALL DOSES OF B RALLY
Rat 400q. ‘Jrethane. Artificial ventilation.

At cach arrow SuGBrkg intravenously.

« Total of Il doses)

Time sigra. imindte intervals o
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FIG.4. RESPONSE NOT AFFECTED
BY VAGOTOMY.

Rat 40Cq. Urethane. Both vagi cut,
carotid ormery tied . Artiticial ventilation.
At arroy 40ugGB/kg intravenously.

FIC.6. TYRPICAL PRESSOR RESPONSE
AFTER EXSANGUINATION.

Rat 4709 Uretnane, Artiticial ventilation
6ml. blood withdrawn. between strip 12 2.
At arrow 40ug TB/Kg intravenously.

Time sigra: dminute intervals

F1G.7 SMALL RISEIN
ATRCPINISED ANIMAL
Rat 310g Urethane
Artiticial ventilation
At arrow! IOmgATR/kg
At arrow 2 405g GB/kg

FICS = ALl RISE
N SFlAL RAT.
Rat 470g tUrethane.
Spine trans sected, )
brain pithed. "
t arrow 40ug GB/kg i)
intravenously.

intravenously.




FIG.8. ATROPINE LOWERS ELEVATED B
Rat 420g. Urethane. Artificial ventllation.
At arrowl 40wpqGB/kg iv.

. Atarrows 2 05 each O'5mgATR/kg iv.

FIG.10. PRE-TREATMENT WITH C6.
TYPICAL PRESSOR RESPONSE BYCB
Rat 390g. Urethane. Spontanecus respiration

At arrow] 20mg (.6/kg

2 60wug CAlkg intravenously.

Time signal Jminute intervals

FIG.9.C6AFTERGB
REDUCES BR

Rat 39Cq.Urethane.
Artificial ventilation.

At arrow1 A0ugGB/Kg.
At arrow 2 10mg C6/kg.

intravenously.

FIG.1l.

PRESSOR RESPONSE
UNAFFECTED BY
ADRENALECTOMY.-

Rat 480 g.Urethane,
Artiticial ventilation.

Both adrenals removed.
Atarrow 40ugGB/kg

intravenously. Ta363.




F1G12. PRE-TREATMENT WITH FIG13 PRISCOL LOWERS ELEVATED BP

PRISCOL Rat 47Cg Urethane Artificial vertilation
SMALL PRESSOR EFFFCT At arrow| AOugGB/kg

At arrows 2 to 5 each | mg PRi/kg

90g Urethane
Rat 3999 all intravenously

Artiticial ventilation
At arrow ! 1OmgPRI/kg
At arrow 2 40ugGB/kg

mm Hg

FIG.15. MAINTAINED ELEVATION

ANIMAL ) IN EVISCERATED ANIMAL,
Rat 480¢g Urethane Artiticial ventilation Rat 390gq. Urethane.
All skin removed Chead, feet & scrotum not skinned)  Artificial ventilation
Body placed In saline bath of 37° Small and large intestines
At arrow 401gGB/kq intravenously. remnoved.
At arrow 40ug GB/kg 1v.
'quBbll‘. i
|
Time signa; !minute intervals B
1




Rat 420g.Urethane. Artiticial ventilation,
At arrow 5 ugCB/rat  through atlanto-occipital
membrane

FiC.18. PRE TREATMENT WITH
ATROPINE INHIBITS PRESSOR
RESPONSE TO INTRAVENTRICULARGB

Rat 350g. Urethane.Artificial ventilation.
At arrow | 2ug ACh/kg

2 2mgATR/kg }intrqvcnously.
3 2mgACh/kg

4 SugGB/rat into ventricle.

Time signal iminute intervals

FC.17, OPPOSITE EFFECT OF

ACh AND GB ON INJECTION
INTO 4th VENTRICLE

Rat 370g. Urethane.

Artificial ventliation.

At arrow | 2ugACh/rat

At arrow2  5a09GB/rat

both through atlanto-cccipital

membrane.
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FIC.19.HYPERTENSIVE EFFECT OF DFP.
Rat 470¢. Urethane.Artificial ventilation.

At arrow  Img DFP/kg

intravenously.
Tase.
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